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' A n  investigation. of the EM-1. @i&, which had ap roximtely . 
triangular plan form, an  aspect ratio of 1.8, and a 60 8 sweptback , 

leading edge, has been conducted in the Langler full-scale tunnel. 
The investfgation  consisted of the deteminatfon of the separate 
effects of t h e  following modificatfons made t o  the gllder m ita 
maximum lift and s tab i l i ty   chamcter fs t ics  : (a). in~tallation of 

of t h e  vertical  fin, (c) sealfng of the elevon control-balance  slot8, 
(a) ins ta l la t ion  of redeaigned Win vertical mfaces ,   ( e )  installation 
of f a i r e d  sharp leading edges, and ( f )  installation of canopy 

b sharp leading edges over the .inboard semf.span of the wing, (b) removal 

* .  

The maximum lift coeff-lcfent of the DM-l glider  incrsased 
6 f'ram 0.61 t o  1.01 by the fnstaLlation of semisp~n sharp b a a i n g  

edges, and from 1.01 to 1.24 by , the removal of the ver t i ca l  f fn and 
sealing of %he elevon control-balance 8 l O - t ; s  .. m e  highest nw3nnm 
l i f t  coeff i c t e n t   ( 1 . 9 )  vas obtained when t h e  fatred 6 h q  leading 
edges end the thin vertical surfaces were attached to the glfder. 

'The Original m-1 &id82 Waf3 1ongitUdind.Q stable. The Eiemf- 
span sharp leading edges shifted the neutral  poirit forward approxi- 
mately 3 percent of t h e  root  chord at moaerate r l i f t"coaff ic iants ,  
and the glider  configuration with these B h a q  lead- edges attached 
was longitudinally unstable, f o r  the aaf3vmed canter-&-gravity 
locatiorr, at lift coefficients above 0,73 S e a l i n g  t h e  elevon 
conirol-baltince s lo t8  and installing .the P alred sharp leading edges, 
the thZn vertical ewfacea, and the canopy shif ted the neutral  point 
forward approximately 8 -percent of the root  chord. 

c The &he&&. e f f e c t  of the DM-T glitder ~9th the  vertical f i n  removed and eLevon contrrol-balance x ~ l o t s  sealed a 3  .positive f o r  
lift coefficients up to 0.7. The somispan' &arp batting 0dgas 
extended the lift-coefffcient range for  positive dlhedral e f fec t  up 
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t o  a lift coeff fc ient  of 1 .Q. The faired sharp le- edges,  which 
increased the angle of sweepbeck 4.27 reduced the highest lift coeff i- 
c ien t  for poIsitive dihedral effect  to O .7 - 

The conf ipra t ions  of this 'DM-1 glider, w i t h  po ver t ica l  f i n  had a 
emall &epee  of &ection& stabi l i ty  a t  lo+ lift coeffig.%ents and 
became directionally unstable at the higher lift coeff  icienta'. ' The 
thin ver t ica l  surfaces i n e k l l e d  on the IM-1 w i n g  havXng.elevon 
control-balance s l o t s  sealed and semispan sharp leadbg edges attached 
contributed an incroment of' approximately -0.0024 4% C, thereby 

givillg positive directional s t a b i l i t y  at a l l  lift coefficients.  The 
faired sharp leading eQe and the P-80 campy had destabilizing 
ef fec ts  on c 

Y 

%* 
The r8sults indicate that airplane6 having approximately Zriangular 

plan form , y i t h  600 cwsepbaclr and sharp leading edges can be designed 
t o  have acceptable  stability  characteristics in the subcri t ical  speed 
range 

XNTRODUCX!ZOIV 

Research d l r e c t e d  toward the attainment of supersonic f l i g h t  
has l ed  t o  Fntereet in  the characterist ics of a n g s  of high sweep 
and of low aspect ra t io ,   Since there are only Limited full-scale data 
on such vings, an invostigatfon of the Gemnan Bi-1 glider has been 
conducted In the b&Ley full-scale tunnel. The EM-1 glider, which 
wae designed f o r  the inveatigatlon of the. low-speed characterist ics 
of an airplane configuration believed suitable for supersonic flight, 
has apprpximately triangtrlar,plan form, airfoil sections similar t o  
the NACA 0015-64, an aspect ratio of 1.8, and a 60° eweptback loading 
edge. 

Preliminary  tests of the D"1 glider in the Langley ful l -scale  
tunnel disclosed  that tihe maximum l l f t  coefficient was coneiderably 
lover than had been indicated by low-scale Cests of similar corrfigu- 
ratione. In an e f fo r t  to increase the mxinnnn l i f t  coefficient, 
the effects  of sharp leading edges, redesigned  vortical &aces,* 
and other modifications to ;the DM-1 glider were investigated. In 
addition to the maximwn-iilt t es t s ,  an investigation was made of the 
s tabi l i ty  and control  characteristics of those glider conf'igurationa 
believed most suitablo. 

.> 

T I I ~  results of &e major par t  of a e  --lwt investiiitlon 
have been.presonted in reference' 1. The present paper gives the 
reaults of t h e  stabi l i ty  and contyloL irivestigation and a l s o  includes 
a brief summar~r of the maximum-lift resu l t s .  

* 
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4 - ,  NACA m NO 1,73716 

ma88 deneitv of a i r  

free-eweam velocity 

Reynolds number 

ving m e a  

root chord of glider  configuration 1 

mean geometric chord of wing (S/b) 
. .  

S p a  Of Wing 

elevator span, feet 

elevator ro0.t-mean-square chord behind hinge Line, feet 

rate of change of ro l l ing-mer- t  coefficient with angle 
of yaw, per  degree 

rate of chawe of yaw$ng-mcanent cocfflcient w i t h  m e  
of yaw, par degree 

rate of change of lateral-force coefficient with angle 
of yaw 

angle of attack (meamred in plane of symmetry), degrees 

angle of yav (posftive’lrhen right wing is back), d-egreea 

rate of change of pitching-moment cosfficignt with 
elevator tieflection measured at 6, = 0 

angle of elevator deflection  (poaitive down), degrees 

an@e of flap deflection (positive down) , degrees 

TEST AJRPI;AIvE AND MODI??ICATIONS 

, . 

The DM-1 glider wae designed in Germany for the investigation of 
the low-speed characterist ics of an airplane configuration believed 
mitable  for supersonic  flight. 

v 
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* The D"1 glider has an approximately triangular plan form, 
a i r f o i l  seations similar t o  t h e  NACA 0015-64, an aspect   ra t io  of 1.8, 
and a 60' sweptback  lead3ng edge. It was constructed almost ent i re ly  
of wood, the skin was fnch three-ply birch plywood, an& the spars 
and ribs were of conventional box-beam construction. The principal 
dimensions of the glider are given in figure 2 and table I. General 
views of the glider  mounted in t h e  Langleg ful l -scale  tunnel f o r  
t e s t s  are  given in f igure 3.  The' a i d e r '  as received was equipped 
w i t h  a rudiler f o r  directional  control,  elevons f o r  lateral. ana long&- 
tudlnal  control, and longftudinal trim f laps. ,  The balance on the 
control surfaces was of t h e  e l l f p t i c a l  overhang type. The balance 
ga.p wa8 relat ively large, however, and the shape of the wing just 
ahead of t h e  balance gap was eIX.ptical. (See f ig .  2(b) .) 

3- 

Following t h e  bas ic   t es t s  of the ,or iginal  CM-1 configmation, 
numerous modifications were made to the glider in an e f fo r t  t o  
improve its aerodynamic characteriatic8. These glider  modifications, 

numbers, are sketched in f igure 4 and are outlined as follows: 
-which ere referred t o  throughout the present report by configuration 

.Configuration 5: CM-1 glider with ver t fca l  fin removed, elevon 
control-balance elots  sealed,  and semispan sharp leading edges 
inetalled. 

Configuration 6: Same as  configuration 5 wtth the redesigned. thin 
vertical  aurfacea shown in f igwe 2 ( c )  insta l led .  These vertfcal  ' 

aurfaces were, f o r  simplicity of: conswuction ana - tanat ion,  
made with rectangular .oecti.ona three-quaters of an inch thick. 

Configuration 7 : . Same. as  configuration 6 with the faired sharp 
leading edges shown, in  figure 2 (c)  replacing the semispap. ?harp, 
leading edge8 . 

t configuration 8: Same 68 conf'iguration 7 with t he  P-80 canopy 
added. (See Pigs. 2 ( c )  an& 3(b) .) 

I 
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. 
The tunnel airspeed for  the  test8 wa8 limited  to  approxima.t;ely 

45' miieis per hour became the structure inside t h e  glider,  which 
was available for connection w i t h  tho model suppartlng struts, wa6 
exceedingly  fragile. The tests of glider configurations 1 to 5 
were conductep at: is airspeed,  which corresponda to a Reynolds 
number  of 4.6 x.10 iF based on t h e  mean geometric chord of glidor 
configuration i (10,s f t )  Buffeting of configurations 6, 7, and 8 
neceesftated. a reductim in tunnel airepeed .for teete of theae 
configurations ' t o  ,36 miles per hour. 

" In &der to hetermine the separate  effects of the component 
parts and modiflcatione of the DM-1 glider on its aerodynamic 
charapteristlcs at zero yav, the f'orces and mommnts on each  glider ' 

configuration were measured throug;kout the  angle-of-attack range 
w i t h  all control'surfacea lockea at Oo deflection.  Teets were 
conduct& f o r  conPfgurations 1, 2, and 8 in order to determine the 
effect of the  semispan sharp leading edges and of t he  modlficatluns 
of  configuration 8 on the  elevator effectivenese and on the longi- 
tudinal  stabil l ty.characeerietics of the glid-er. The elevator hinge 
moments and the effectivenesa of .the trim flaps of glider conf3gu- 
ration 2- were a l s o  detellmfned. The lateral  stability characterSstice 
of glider configurations 3 to 8 with control  surfaces  neutral were 
investigated by determining t he  aerodynamic characteristics  of each 
codigwation at angles or yaw of approximately 00, 230, 250, -100, 
-15O, -20~. 

REEULTS AfaD DISCUSSION 

The r e m l t s  of f&e Dl-1 investigation are summ~rized in 
P$g.wes 4 to 10, and the basic data from whfch the summary figures 
were prepared are  presented In figurea 11 to 21. An index t o  these 
figures ~ E I  given fn t ab le  II. All the teet  results  have.8een 
corrected for khe effect  of t he  Jet botrndarfes on t he  drag coeffi- 
cient and the angle of attack. No correction has been ap2lied to 
the data,- however,, f o r  the effect of the j e t  boundaries on the 
mlllng-moment coefficient or for the t a r e 8  of t h e  model: supporting 
struts, which were found to 'be of negligible magnitude. 
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' Maximum L i f t  
* 

m e  summary r e su l t s  of the --lift inveit igation of the 
eight DM-1 glfder configurations are  given in figure 4. m e  maximum 
lift coefficient of the original  D M - ~  'aider  (configuration 1). was 
increased from o -61 to 1 .OX by the- ins ta l la t ion  of the seiniyjan 'sharp 
leading edges shown in f igure 2(b) . These sharp leading edges induce a 
vortex-tne flow over the upper surface of t b e  w i n g  which delays the 
e t a 1   t o  much higher angles of attack. (See -reference 1.) The 
m a x f m ~ n  1st coef f i cbn t  of the a i d e r  vas  also  increased from o .61 
t o  0 8 3  ,by the rerqoval of the ver t ica l  fin. Tha mxlmwm l i f  t coeff i- 

' cient .  of the guaer .  with v e r t i c a  f- removed (canfiguratfon 3) was 
increased f-cm 0 -93 to 1.08 by the aeal fng of elevon control-balance 
slots, and from 1.a to 1.24 by the i n s t d a t i o n  of the . ~ e m f ~ p m  
sharg leading edges. The addition of the redesig;ned v e r t i c e '  
surface8 t o  gl ider '   canfigmathn 5 Fncreased the maximrn lift 
coefficient frm 1.24 to  139. The higheat mxlmum l i f t  coefficient 
measured (1.32) was obtained f o r  glider  configuration 7, which had 
the fa i red  sharp ' l e a d l x  edges. arid the  redesigned  vertical  surfaces 

' installed. The. addition of the P-80 c a n ~ p g  t o  glider  configuration 7 
decreased  the maximum lift coefficient t o  1.27. The aerodynamic 
character is t ics  of each of these eight DM-1 glider  configurations,. 
throughout t h e  ,mgle-of-attack range, are shown In figure U . . 

.. 

8 

. .  
I 

The ef fec t  of yav on the lift characterist ics of glfder  configu- 
rations 3 . t o  8 are a l s o  Bhmn in figure 11. The l W t  CharaCteri8tiCE 
of @ikr configuration 3 vere not affected In any systematic m e r  
by angles ' of yaw UB, t o  -9 .go. The lift coefficfent a t  any angle of 
a t tack vas, however,, decreased 8qiuewhat.by yav W e s  of -14.9O. 

increased by the modif fcationa of .glider conf imat ions  4 t o  8, the 
l i f t   c o e f f i c i e n t  became increasingly dependent on 3av angle. The 
l i f t  ,coefficients at an angle of at tack of 380 and zero yaw for 

' glider  configurations 4, -3, 6,  7. , '  and 8. were decreased by incre- 
ments' (CSCL) ' of 0.12, 0.13, 0.26, 0.37, and 0.39, reapectiyeu; 

. and -,19 .go i A s  the m a x b m  lift coefficient of the glider WBE 

. by -9.9O of yaw. 
. .  

. .The  effect of tunnel  velocity on the lift coefficient of glider 
configuration 2 is shown in figure 12. Them data were obtiiintia 4 t  
tunnel velocit iee of 29 .i;o 52 dl& .per hour, which correspond t o  ' 
Reynolds numbers of' 3 .O % 10 6' to 5.3 x .10 6 , respectively. ' The 
maximum l i f t  coefficients measured a t  these Reynold5 nmbers indicate 
tha t  the reduction in tunnel velocity fr.a 45-to 36 milee per hour, 

and 8, had no a>peciable   effect  on C h m .  
. which was necessary f o r  the t e s t s  of glider  configurations 6 ,  7,. 

t 
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Longitudinal Stabil i ty  and Control 

Lorwitudinal s t ab i l i t y  and. control, stick  f ixed.-  The stick- 
fixed stat ic .   longi tudinal ' . s tabi l i ty  and control  characteristics'  of 
glider  configurations 1, 2, and.8  f o r  the canter-of-gravity  locations 
.assumed are inclldated by the curves of figure 5 .  These results, 
which give the elevator deflec%ion  for trim a t  various lift coeffi- 
ciente, w e h  ob.tained Srm the curves of' figurea 13 and 14 . The 
r a t e  of chmge,of  elevator  deflection with lift cosfficlent for ' 
configuration 1 (original DM-1 glides)  indicates stable elevator- 
control movemnt throughout *e l l f t -coef f ic ien t  range investigated * 
Glider  configuration 2, which had the semispan sharp leading'edge 
attached, is s ta t ica l ly   s tab le  us to a lift coefricient of 0.73, 
above which t h e  elevator  deflection for tr im is  Fn t h e  unstable 
direction,  Glider conf'iguration 8 was stat icaUy  s table  f o r  lift 
coefficients up t o  0.87, above  which elQvator-effectivene~s. data 
were not available. The variation of C, with CL f o r  configu- 
ra t ion  8 ~ith controls neueal,  however, indicates that t h f a  
c o n f i w a t i o n  has s t a t i c  Jongitudinal stab.i l i ty f o r  lift coefficients ' 

UP t o  1.25. 
. -  

The etat ic   longi tudinal   s tabi l i ty   character is t ics  of configu- 
rationa.1,  2, and 8 for any  canter-of-gravity  location can be 
determihed from the curves of figure 6, which show the center-&-gravity 
locations a t  which the l q i t u d f n a l   s t a b i l i t y  l a  neutral  when tho 
glider i s  .trimmed. TkB location of the n e u b a l  post of configu- 
ration 1 moves rearward frcan o .52ocl a t  cL = 0.1 t o  o .546€1 
a t  CL = 0.46. The vortex-type f low induced bg the semispan sharp 
leading edges of glider  configuration 2 sh i f t s  the center of presswe ' ,  

of the wing fokward, decreasing the sti t t ic marg in ,  so that l eas  
elevator  deflection l a  required  to trim configuration 2 ,  a s  was 
previously  indicated by the curves of figure 5 .  The neutral point 
of configuration' 2 .is a t  0.314~1 at lift coefficients up t o  0.5, 
and above th ia  lift coefficient the neutral-point location mves 
forward wlth increasing lift coeff'icfent. At lift coefficlents 
above 0.73, the neutral point is located  forward  of the center of 
gravity, making t k o  'glider unstable. The modifications glider 
configuration 8, which aad. 16..9 square feet of m e a  a t  the leading 
edge of the wing, move the neutral pot& forward to approximately 
0.47Xl. This point, however, corresponds t o  0.530 of the root  
ohord of configuration 8, so the configuration is l o  itud-ly 
s table ,   for  the center-of-gravity location assumed Y 0.50 of root 
c h a d )  6 



ft is of interest to compare .the seutraL-point locatik of 
t he  DM-1 glider with t h e  theomtical neutral-point  location for a ' 

wing of similavl plan f om. Fallrner has made calculations 
(reference 2) nhich show Chat t h e  neutral point of a delta wing 
(equilateral triangle with apex forward} ie  located  at 9 percent 
of  its roo t  chord, which  pol.nt corresponds to 50 -6 Fercent of, t h e  . 
root  chard Qf. t h e  IM-l* ThSs result is in good agreement w i t h  the 
neutral-point  location8 of EM-1 glider configmatima 1 and 2, 
which have plan forms approximating an equLlateral triangle. 

. .  
Elevator effect~veness The resate of the elevat~r-effectiveness 

tests of gl ider '  configurations I, 2, and 8 are given in figure 7, which 

effectiveness of configuktion I reaches,.its maximum 

value of' 0.0050 at an angle of attack of 10: and then decreases with 

increasing angle of at%ack to 0.003 at 17O. The value of - - 
for configuration 2 is 0.0045 at an angle. of attack of loo, &d 

G 2 B e ! 4  

angle of attack i B  less rapid for collfigwation 2 because the semi- 
span sharp leading edge8 'maintain orderly flow over t he  elevon surfaces , 

at higher angles of attack. The effectiveness of *e elevators of 

configmation 8 remains substantially conatant at 

throughout the angle-of  -attack range investigated. 

Trlm-flap  effectiveness . - The effect of trim-f lap deflection on 
t h e  aerodynamic  characterietics of glider  configuration 2 ie shown 
in f i p e  15. The  rate of' change of pitching-moment coefficient 
with trh-flap def lectiion is approximately  constant  throughout  the 
flap-aeflectfon rage ( 2 ~ 0 )  and increases  sligh" wit;h lift coeff l -  
cient.  At 8 trim  lift  coefficient of 0.86, 5' of tzlm-flap deflec- 
tion and 2O of elevator defleckton give corresponding  increments  of 
pitching-noment  coefficient. The tzim'flap almc?, ,howeverj is not 
Buff iciently powerful to trim the glider, for the center-of -gravity 
location assume&, at any L i f t  coefficient, 
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Lateral Stabi l i ty  and Control 

The separate . effects  of athe modific&iob made $0 the DM-1 e i d e r  

On c%' %,, and are shown in figures 8 ,  9, and 10. 'Thbse 

values of C 2*' c q p  and +$ were obtained from the variation 

of cZ, c,, and CY ~ l t h .  \II, at amall anglee oi yaw (p = * P I ,  
which is shown"in figures 16 t o  21. 

. . .  

., .. 
Dihedral effect  .- The value of C for glider configuratiok 3, % 

(original @ider w i t h  ver t ica l  fin removed) incremes. from 0 a t  zero 
lift t o  0.0019 a t  CL of 0.5; and as CL increams above 0.9, 
C decreases,  reaching 0 a t  % of O,& snd -0.002 at CL of 0.9. 
Ilk 

S e k n g  the elevon  control-balance slots (configuration 4) did not 
change the dihedral effect of the w i n g .  The saml~pan sharp loading 
edges of configuratibn 5 increased the Wedral .effect  of the @der. 
The maxlnwn value of C f o r  this configuration was 0.0024 (which 

value in terms of a conventional unewept wing of aepect  ratio 6 
corresponde t o  12O effective  dfiedral) ,  and.the U e d r a l  effect  
was positive f o r  l i f t  coefficients up t o  1 .O. Thie increase In 
dihedral effect 4s probably due t o  the vortex action induced by 
the eomiepan sharp leading edgee, which delay the stall of the 
leading wlng t i p  The addition of the redesigned vertical fin to 
glider configuration 5 had no appreciable  effect on The 

effective dihsdr'al of glider configuration 6 was considerably 
reduced by the replacement of the eemispsn B~ECQ leading edges 
by the faired sharp leading edges of configwation 7, pobab3y 
because of the Increased angle of 8weepbtt~k. The maximwn value 
of C2 f o r  configuration 7 was .O .0014, which decreased t o  0 a t  a 

l i f t  coefficient of 0.7, and t o  -0 .O030 a t  a lift coefficient 
of 1 .I?. The P-80 c a n q y  of configuration 8 did not a f fec t  

appreciably 8% lift coefficients below 0 .pa A t  l i f t  coefficients , 

above 0.9, howwer, the canopy contributed 8 destabilizing incre- 
ment t o  C which decremed the, minimum value of C to -p.OOg 

a t  a li;p-t coefficient of 1.15. 

. .  

z* ' 
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, * L  

Directional  stabil i ty .- The: original DM-1 glider wing (configu- . 
ra t ion 3) had a ma21 degree of directional stability a t  lift' 
coefficients between 0.3 and 0.7 . The nshlnnm value of C for 

configuratlcn3 was -0.0007 at CL of 0.55, and a t  l i f t  coefficiente 
n3. 

.- 



above *is value C increased  with lkft coefficient to unstable 

values at lift coeff icient8 above 0.7'. The sealing of the elovon 
control-balance slots had no eff.ect on the minimum value of C 
but  the lift coefficient a t  which the directional e t ab i l i t y  of 
collfiguration 4 became neutral  was increased t o  0.81. The semispan 
sharp leading edges of canfiguration 5 also extended the l i f t -  
coefficient range over which the dfrectional s fabi l i ty  w'a8 positive.. 

remained at -0.0007. 

ndr 

* 9 $ '  , 

( c q f  = o a t  CL = 1.051, although the mlnim~m value of c n* 
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The results o F t e s t s  of eight  configurations of the DM-1 glider 
in   the  Langley full-scale  tunnel are summarized as follows: 

1. T h e .  maxlmum l i f t  coefficient of t he  DM-1 glider was lncreasod 
from 0.61 to 1.01 by the ins ta l la t ion .  of 'semispan sharp leading edges 
Removing the ' ve r t ica l .   f in  from the  glider.  and sealing thd e lwan 
control-balance slotB increased the maximum lift coeff ic ient   to  1.24. 
The highest maximum lift coefficient (1.32) m a  obtained when fa i red  
eharp  leading edges and thh vertical  surfaces 'were installed on the 
glider a 

2 The maximum l i f t  coefficient o f .  the o r i g l m l  IM-1 glidar 
with v e r t i c a l   f i n  removed T ~ B  not c r i t i ca l ly  dependent on  yaw 
angle b As the maximum lift coefficient was increased, hovever, ' by 
sealing of the elevon  control-balance a l a t s  and by instal la t ion of 
sharp leadwg edges,  systematic decreases in the'maxirman lift coeff i - 
cient  resulted from yaw. 

3 The orfginal JIM-1 glider was longi.tudinally stable f o r  the 
assumed center-of-gravity  2osition. Tha semlspan sharp leading 
edges shifted  the  neutral  point forward approximately 3 percent of 
the root  chord a t  moderate l if t .coeffi .cients,  and the glider  configu- 
ra t ion with these sfimp leading edger3 attached HELB l a n g i t u w y  
unstable, f o r  the aaeumed center-of-gravitp  location, a t  lift 
coefflcfents above 0.73. S e a l i n g  the elevon control-balance s lo t s  
and instal l ing  fa i red sharp lead-  edges, thin vert ical  eurfaceB, 
and the canopy Elhifted the neutral point forward approximately 
8 percent of the- root chord in  the l i f  t-coefficient range  investigated. 

4 The dihe.dral  effect of the original DM-1 glider  with vort ical  
f i n  removed WEIS poaitive a t  lift coefficients up t o  0.7. The ,semi- 
span shakp leading edges extended t he  l i f t -coeff  loien-t; range f o r  
positive dihedral effect  up t o  a IWt coefficient of 1.0. The 
fa i red  eharp laadfng edges decreased the highest lift coefficient 
f o r  positive dihedral effect  t o  0 7. me redesfw vert ical  
eurfaces did not change. the dihedral effect  of the glider. 

5 .  The conPiguratione of t h e  .c"1 glider with no vertfcal  - 
f i n  had a small degree of directional e tabf l i ty  a t  low lift coeffi- 
cients and became direationally unstable a t  the higher lift coeffi-  
cients.  The redesigned thin ver t ica l  surfaces installed on the 
D"1 wing having  elevon  conkrol-balance  slot's sealed and semispan 
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DlMENSIOmS OF DM-1 GLIDER 

. 

Original Glider 
wing : 

S P ~ I I , ~ ~ .  0 . .  9 rn a 19.6 
h a , 8 g f t  . e . .  a215.0 
Aepect r a t i o  . . . . . . . . . . . . . . . . . . . . . .  1.8 
AZrfoil section . . . . . . . . . . .  Approxlmately NACA 001.5-64 
ThicheBs,  percent  chord . . . . , e . . 15 
Point of' g rea tes t   th ichees ,  percent chord . . 40 

Mean geometric chord, ft . . . . . . . . . . . . . . . .  10.97 
Twiet,deg . . . . . . . . . . . . . . . . . . . . . . .  0 
Dfhedra1,deg . . . . . . . . . . . . . . . . . . . . .  0 

Sweepforward (T.E.), deg . . . . . . . . . . . . . . . .  15 
Vertical location of center of gravity, percent root 

chord from chord line . . . . . . . . . . . . . . . . .  0 
Horizontal  location of center of gravity, percent 

rootchnrd . . . . . . . . . . . . . . . . . . . . . .  

Root chord, ft . . . . . . . . . . . . . . . . . . . . .  20.75 

Sweepback (L.E.) . deg . . . . . . . . . . . . . . . . .  60 

Horizontal  control m r f a c o s :  , 

Total elevon area, q f.t; . . . . . . . . . . . . . . . . .  23.3 
Elevon  chord, ft . . . . . . . . . . . . . . . . . . . .  1.95 
Elevon hinge location,  percent chord . . . . . . . . . .  27 
Elevator-angle  range, deg . . . . . . . . . . . . . .  i *; 28 to -24 
Aileron-angle range, 'de@; . . . . .. . . 21 to -2& 
Total tpfm-flap area,'eq 9t . . . . . . . . . . . . . . .  6 0 9 7  

Trim-flap chord, f t  . . . . . . . . . . . . . . . . . . .  1.38 
Vertical  tail : 

H e i g h t , f t  . . . . . . . . . . . . . . . . . . . . . . .  8-58 
Area (to chord lfne of wing), eq ft . . 89.6 
Aspectrat io  . . . . . . . . . . . . . . . . . . . . . .  0.82 
Airfoil  section . . . . . . . . . .  Approximately NACA 0OPj-a 
Thickness, percent chord . . . . . . . . . . . . . . . .  17.5 
Point of greatest thickness, percent chord . . . . . . .  40 
Root chord, f t  . . . . . . . . . . . . . . . . . . . . .  19.7 
Angle of' streepback (L.E.) . deg . . . . . . . . . . . . .  63 
&@e of sweepforward (T.E . 1, deg . . . . a . . . 0 
Rudder area, eq f t  . . . . . . . . . . . . . . . . . . .  8.01 
Rudder chord, f t  . . . . . . . . . . . . . . . . . . . .  1.32 
Hwge location,  percent  chord . . . . . . . . . . . . . . .  27 
Rudder-angle range, deg . . . . . . . . . . . . . . . . . .  223 

NATIONAL ADVISORY 
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Vertical fin: 
Height, ft . . . . . . . . . . . . . . . . . . . . . .  4.85 
Area (to chord l ine),  sq ft . . . . . . . . . . . . . .  33.3 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . .  1.41 
ThiCkne66, i n @  * . b . . 0.75 
Root chord, f t  . . . . . . . . . . . . . . . . . . . . .  g .79 
Angle of sweepback (L.E .) . deg . . . . . . . . . . . . .  35 
Angle of sw3epfcurward (T .E. 1, aeg . . . . . . . . . . .  0 

Ventral fin: 
Height , f t  . . . . . . . . . . . . . . . . . . . . . .  1.56 
Area (to wing profile), sq ft . . . . . . . . . . . . .  6.22 
Thickness, isl. . . . . . . . . . . . . . . . . . . . . .  0.75 

Faired aharp leading edge: 
Length, f t . . . . . . . . . . . . . . . . . . . . . .  16.3 
Total projected area, sq ft . . . . . . . . . . . . . .  16.9 

NATIONAL ADVISORY 
COMMITTEZ FOR AEXONAU'MCS 
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